In recent years, several drugs have been approved for the treatment of patients with metastatic cutaneous melanoma, completely reshaping the landscape of this aggressive disease. Immune therapy with cytotoxic T-lymphocyte antigen 4 and programmed cell death-1 inhibitors yielded significant and durable responses, achieving long-term disease control in up to 40% of the patients. BRAF inhibitors (BRAFi), in combination with MEK inhibitors, also resulted in improved overall survival compared with single-agent BRAFi in patients with BRAFV600-mutated metastatic melanoma. The optimized sequencing and duration of treatment, however, is yet to be found. In this article, we thoroughly review current data and discuss how to best sequence the various treatment modalities available at present, based on four distinct clinical presentations commonly seen in clinic. In addition, we review treatment options beyond checkpoint inhibitors and targeted therapy, which may be required by patients failing such effective treatments.
Introduction
In recent years, we have witnessed great progress in the treatment of patients with metastatic melanoma. Most of the United States Food and Drug Administration (FDA) drug approvals have taken place in the past 7 years. Although metastatic melanoma still remains a frequently fatal disease, a large proportion of patients can now be anticipated to respond to therapy. Furthermore, a significant subset of patients can experience long-term remissions through the application of various treatment approaches.
The treatment modalities that are currently approved by the FDA, which henceforth will be used as the main regulatory agency for reference, or commonly used for the treatment of metastatic melanoma include: cytotoxic T lymphocyte antigen 4 (CTLA-4) inhibitor (ipilimumab); programmed cell death 1 (PD-1) inhibitors (nivolumab and pembrolizumab); BRAF inhibitors (BRAFi; vemurafenib, dabrafenib, and encorafenib); MEK inhibitors (MEKi; cobimetinib, trametinib and binimetinib); oncolytic virus [talimogene laherparepvec (T-VEC)]; high-dose interleukin-2 (HD IL-2); chemotherapy agents [nab-paclitaxel, dacarbazine (DTIC), temozolomide, fotemustine (not approved in the US; approved in Europe)]; combination chemotherapy with various regimens, such as carboplatin/paclitaxel and the CVD (cisplatin, vinblastine, and DTIC) regimen; and biochemotherapy (CVD in combination with IL-2 and interferon-alfa).
The ideal treatment sequence for patients is not clearly established and remains a matter of great debate. In this review, we summarize the efficacy and toxicity results of the various treatment options and suggest algorithms that we typically use for the most common clinical scenarios of metastatic disease with current knowledge and available therapies.
Efficacy of the currently available treatment options
Chemotherapy For many decades, chemotherapy was the only other treatment option apart from HD IL-2 for patients with metastatic melanoma. These agents typically do not yield significant tumor responses or improve survival outcomes. [1] [2] [3] Most commonly used agents include dacarbazine and nabpaclitaxel. Other cytotoxic options with minor activity in patients with metastatic melanoma include fotemustine (not approved in the US), cisplatin and carboplatin, vinca alkaloids, and other nitrosoureas. 4 Owing to its poor efficacy, chemotherapy use has greatly diminished over time, though some studies are evaluating synergistic effects with immunotherapy (ClinicalTrials.gov identifiers: NCT02617849 and NCT01721746).
Targeted therapy
BRAFi and MEKi. Two BRAFi, vemurafenib and dabrafenib, are currently available as single agents in patients whose tumors harbor a BRAF V600 mutation. Vemurafenib was approved by the FDA in 2011, whereas dabrafenib was approved in 2013. Both drugs showed significant activity and improved outcomes when compared with dacarbazine in randomized phase III trials. 5, 6 Trametinib and cobimetinib are MEK inhibitors approved for treatment of BRAF V600-mutant patients in combination with dabrafenib and vemurafenib, respectively. Trametinib is also approved as a single agent. 7 Combination of BRAFi and MEKi. Four randomized phase III trials showed that the combination of BRAFi plus MEKi improved overall survival when compared with BRAFi alone. COMBI-d randomized 423 patients to either dabrafenib plus trametinib or to dabrafenib alone. 8 The median progression-free survival (PFS) was 9.3 months in the dabrafenib-trametinib group and 8.8 months in the dabrafenib-only group [hazard ratio (HR): 0.75; p = 0.03]. The objective response rate (ORR) was 67% in the dabrafenibtrametinib group versus 51% for dabrafenib alone (p = 0.002). At 6 months, overall survival (OS) rates were 93% with dabrafenib-trametinib and 85% with dabrafenib alone (HR: 0.63; p = 0.02). Importantly, the rate of cutaneous toxicity was lower in the combination group than in the dabrafenib-only group (2% versus 9%), whereas pyrexia was more frequent (51% versus 28%) in the combination group. Similarly, the COMBI-v and COBRIM studies randomized patients to dabrafenib plus trametinib versus vemurafenib alone (COMBI-v) and vemurafenib plus cobimetinib versus vemurafenib alone (COBRIM), respectively. 9,10 Vemurafenib/cobimetinib combo improved both PFS and OS compared with vemurafenib alone (HR: 0.58 for PFS and 0.70 for OS). Both trials confirmed the improved efficacy as well as reduced cutaneous toxicity (though liver enzyme elevation and pyrexia were higher) for the combinations, leading to approval of both BRAFi/MEKi combination therapies in the majority of countries worldwide. These combinations became the preferred BRAF-directed therapy in patients with BRAF-mutant metastatic melanoma over single-agent BRAFi, unless there is a contraindication to the combination. A third combination, consisting of encorafenib and binimetinib, also showed positive results over vemurafenib alone in the COLUMBUS phase III trial and received FDA approval. 11 Interestingly, encorafenib was the first BRAFi that showed improved OS compared with another single-agent BRAFi, vemurafenib, posing the question of whether this combination may be more effective than the other two. 12 Combined targeted therapy showed particularly good 5-year OS in patients with low clinical risk [fewer than that metastatic organ sites and normal baseline lactate dehydrogenase (LDH)], with 45-51% of patients alive. 13 Immunotherapy Anti-CTLA-4. Ipilimumab is a human monoclonal antibody that blocks the activity of CTLA-4, a downregulator of T-cell function, thus restoring T-cell activity for prolonged periods of time. 14 It works primarily in the priming phase, in the lymph nodes, contributing to activation of T cells, though it also diminishes T-regulatory cells in the tumor microenvironment. Ipilimumab was approved by the FDA in 2011 for use in patients with advanced melanoma based on two randomized, phase III studies demonstrating survival superiority over chemotherapy alone and vaccine alone. 15, 16 A composite analysis of 12 clinical studies confirmed the potential long-term survival impact of ipilimumab. 17 Most importantly, the survival curve reached a plateau of approximately 20%, which extended up to 10 years. 17 Though currently not used alone as a first-line option, data consolidated a proof-of-concept of long-term survivorship achievable with immune-based therapies, already seen with interleukin-2 and cell therapies. CheckMate-037 showed that patients previously treated with ipilimumab (and a BRAFi if patient had BRAF V600 mutation) may also benefit from nivolumab, compared with chemotherapy. 21 The ORRs were 31.7% in the nivolumab arm and 10.6% in the chemotherapy arm. OS, however, was not statistically significantly longer, likely due to the 41% rate of crossover to anti-PD-1 after progression on chemotherapy, as well as the higher number of patients with central nervous system (CNS) metastases and high LDH in the nivolumab arm. 2 Pembrolizumab is another fully human monoclonal IgG4 antibody that targets PD-1. Its accelerated approval was also based on an expansion cohort of a phase I trial. 22 Its efficacy was confirmed through the pivotal phase III trial KEYNOTE-006, in which 834 patients were randomized to receive pembrolizumab at two different dosing schedules for up to 24 months, versus ipilimumab at 3 mg/kg for 4 cycles. 23 Co-primary endpoints were OS and PFS. In addition, more patients were treatment-free at 4 years with Ipi/Nivo compared with nivolumab alone (71% versus 50%), which may warrant long-term cost effectiveness analysis of both regimens. Toxicity, as expected, was greater with combination: 59% of grade 3/4 treatmentrelated adverse events with Ipi/Nivo versus 22.4% with nivolumab alone. More patients also discontinued therapy due to AEs with the combination (30.4% versus 8%), but treatmentrelated deaths were low in both groups (0.6% and 0.3%, respectively).
Pembrolizumab in combination with ipilimumab was tested in a phase Ib trial, consisting of the standard 2 mg/kg dose of pembrolizumab and a reduced dose of ipilimumab (1 mg/kg), followed by pembrolizumab monotherapy. 30 The responses were similar to the combination of ipilimumab and nivolumab [ORR: 61%; complete response (CR): 15%] and durable (median duration of response not reached). However, fewer grade 3 and 4 toxicities were observed (59% in ipilimumab/nivolumab versus 27% in reduced-dosed ipilimumab/pembrolizumab). 30, 31 Recently, Checkmate-511, a randomized phase III trial, tested two doses of Ipi/Nivo combination: standard dose of ipilimumab at 3 mg/kg and nivolumab at 1 mg/kg (Ipi3/Nivo1) and the inversed dose of nivolumab at 3 mg/kg and ipilimumab at 1 mg/kg (Ipi1/Nivo3). 32 The primary endpoint was to assess the incidence of grade 3-5 AEs, and secondary endpoints included descriptive analysis only of response rate and survival outcomes. At 12 months, Ipi1/Nivo3 caused significantly less toxicity (grade 3-5 AEs: 33.9% versus 48.4% with standard dose; p = 0.0059). In the descriptive analysis, ORR (79.7% versus 81%), 12-month PFS (47.2% versus 46.4%) and 12-month OS (79.7% versus 81%) were similar. Only 2% of the patients, however, had brain metastasis in this trial.
T-VEC.
T-VEC is a first-in-class oncolytic virus approved both by the FDA and the European Medicine Agency (EMA) for treatment of patients with metastatic or unresectable melanoma with injectable skin or nodal lesions. It is a modified herpes simplex virus (HSV) type 1, designed to selectively replicate in and lyse tumor cells while promoting regional and systemic antitumor immunity by recruiting and activating antigenpresenting cells with subsequent induction of tumor-specific T-cell responses. 33 T-VEC is administered at 10 6 pfu/ml (to seroconvert HSVseronegative patients), whereas subsequent T-VEC doses of 10 8 pfu/mL are administered 3 weeks after the first dose and then every 2 weeks. 34 Injection into visceral lesions was not allowed. Its pivotal phase III OPTiM trial demonstrated an ORR rate of 26% in T-VEC treated patients [versus 5.7% in the control arm with (G-CSF)], with 10% of the total having complete remissions. 34 Patients with skin and nodal disease only were found to have improved responses compared with patients with metastatic disease (stage IIIB/IIIC patients: ORR of 52%, as opposed to 26.7%, 6.3%, and 11.9% in M1a, M1b, and M1c disease, respectively). The majority of responses were durable, and median time to response was 4.2 months. T-VEC's systemic immune response was demonstrated by shrinkage of uninjected visceral lesions by more than 50% in 15% of evaluable patients, as well as causing systemic immunerelated AEs, such as vitiligo. 34, 35 Of note, pseudoprogression is a phenomenon frequently observed with this agent, occurring in more than 50% of cases. 34, 36 Toxicity leading to discontinuation of treatment occurred in only 4% of cases. More recently, T-VEC has been explored in combination both with ipilimumab (ORR of 39% versus 18% with ipilimumab alone) and with pembrolizumab (ORR: 62%; CR: 33%), demonstrating promising activity and acceptable safety profile. 37, 38 Although its efficacy combined with a favorable toxicity profile make it an attractive option for patients with loco-regional disease, its availability is currently restricted to use in Europe and the US.
HD IL-2. HD IL-2 was approved by the FDA in 1998 on the basis of the observation that it could produce durable complete remissions in approximately 5% of the patients. 39 Although the ORR is only around 15%, the National Cancer Institute experience suggests that patients with disease primarily restricted to skin or lymph nodes have a much higher response rate, approaching 50%. 40 HD IL-2 has modest effect on brain metastases, and, though it has been safely used, it is usually not pursued by most clinicians in this setting. 41, 42 HD IL-2 has a significant acute toxicity profile and can be administered only in centers with expertise with this treatment modality, and its use has greatly decreased after checkpoint inhibitors became available. However, it has shown antitumor activity in patients that failed checkpoint inhibitors (ORR of 21% following exposure to ipilimumab). 43 Biochemotherapy. The combination of platinum-based chemotherapy (usually CVD) with IL-2 and interferon-alfa, was coined in the early 1990s as 'biochemotherapy'. The only positive randomized trial, which compared biochemotherapy with chemotherapy (CVD alone), was conducted at MD Anderson Cancer Center, an institution with much experience with the use of IL-2-based regimens, with improved ORR (48%) and PFS (median of 4.9 months) over chemotherapy, without an OS improvement. 44 journals.sagepub.com/home/tam 5
Owing to its high toxicity, and need for continuous inpatient monitoring, biochemotherapy is now only rarely used in the treatment of patients with metastatic melanoma.
Cellular therapy.
In vitro expansion of tumor infiltrating lymphocytes (TIL) followed by lymphodepletion with chemotherapy and TIL infusion has been used for over 30 years. Owing to its costs, manufacturing time, and individualized approach, its routine use has not yet been achieved. In the past decade, the expansion period of TILs has been reduced to 5-7 weeks, driving down costs. In addition, it became permissible to discuss this single-infusion treatment in the setting of increasingly more expensive treatment options. In anti-PD-1-naïve patients, ORR ranges from 40% to 60%, with long-term overall survival of 20-30% with TIL therapy. [45] [46] [47] More recently, cohorts of patients refractory to anti-PD-1 still achieved a 30% response rate, with longer follow-up needed. 48 
Ipilimumab
A phase II trial evaluated the activity of ipilimumab in patients with untreated brain metastases and showed an intracranial response rate of 16 % (n = 51) in patients not on corticosteroids. 58 Only one CNS response was reported in a cohort of patients requiring corticosteroids at time of treatment initiation (N = 21; 5%). Patients on corticosteroids (exceeding prednisone 10 mg/day or equivalent) are generally thought to derive only minimal clinical benefit from ipilimumab therapy, although occasional responses have been noted. It remains unclear whether these patients do poorly because of immunosuppression or simply because of the worse prognosis associated with symptomatic CNS metastases. 59 Anti-PD-1 Pembrolizumab was the first anti-PD-1 tested in a phase II trial specifically evaluating patients with brain metastases, both from melanoma and from lung cancer. 60 Among the 18 patients with melanoma, the intracranial ORR was 22%.
Of note, 4 of the 18 patients could not be evaluated for response but were included in the intention-to-treat analysis. Responses were concordant between the CNS and extracranial compartments.
Combination of ipilimumab and nivolumab
More recently, the combination of nivolumab and ipilimumab was tested in two separate phase II studies specifically addressing the activity in melanoma brain metastases. CheckMate-204 included previously untreated patients with at least one active brain metastasis measuring between 0.5 and 3.0 cm. 61 Patients with neurologic symptoms or requiring corticosteroid were excluded. The intracranial ORR was 56% and the CR rate was 21%. Again, extracranial responses were concordant with those seen intracranially. The 6-month PFS was 67%, and median PFS has not been reached (95% CI: 7.5 months -NR). The ABC phase II study evaluated the combination of nivolumab plus ipilimumab versus nivolumab alone (N = 67) in a similar population (lesions of up to 4.0 cm). 62 Patients with 6 journals.sagepub.com/home/tam asymptomatic CNS disease showed an intracranial ORR of 44% for the combination versus 20% for nivolumab alone. The outcomes may have been slightly worse in the ABC trial owing to a higher number of patients with elevated LDH and higher disease burden (patients on average had a higher number of brain metastases). Taken together, these studies demonstrate that intracranial responses from immunotherapy can be profound and durable and that the combination strategy may lead to improved outcomes.
BRAFi and BRAFi/MEKi
BRAFi alone have also shown activity in patients with CNS metastases. In the multicenter phase II BREAK-MB study, 172 patients with asymptomatic brain metastases harboring a BRAF V600E or V600K mutation were treated with dabrafenib. 63 In the 74 patients whose tumor contained a BRAF V600E mutation and whose brain metastases were treatment-naïve, objective responses were observed in 29 of 74 patients (39%). The response rate in those who had received prior local treatment was 31% (20 of 65). Objective responses in the CNS were observed in 5 of 33 patients (15%) with tumors containing a V600K mutation. The activity of vemurafenib in the CNS was also evaluated in a smaller phase II study. 64 A total of 24 patients were treated, with 10 achieving a partial response (42% ORR), both intracranially and extracranially. Median PFS and OS, however, were short (3.9 and 5.2 months, respectively).
The combination of dabrafenib and trametinib was evaluated in the COMBI-MB study. In this phase II study, a total of 125 patients were included and the ORR was 55%, similar to extracranial responses. The median PFS, however, was around half of what was expected from the combination therapy patients with systemic disease only (5.6 months; 95% CI: 5.3-7.4). 65 
Chemotherapy
The activity of systemic chemotherapy in patients with brain metastases is very limited. A phase II study evaluated the efficacy of temozolomide in treatment-naïve patients with brain metastases showed a response rate of only 7%. 66 The response rate with fotemustine was reported to be in the range of 10-20% in this patient population; however, responses to either agent were generally short-lived. 67 
Palliative care
Supportive care for metastatic melanoma patients should be started as early as possible, as it may impact on both quality of life and longer survival, according to studies conducted in different tumor types. 68 Patients refractory to standard lines of therapy, who still represent up to half of the patients, often progress at a fast pace, with few effective options outside of clinical trials. Such patients may require specialized multidisciplinary attention to ensure that their symptoms are appropriately addressed, and advanced directives of care discussed.
Definition of clinical risk
In this section, we go through clinical scenarios in which a melanoma patient may present itself. For the purpose of discussion, we divided patients into high and low clinical risk disease, as follows.
• Low clinical risk: low tumor burden (total volume <10 cm); number of metastatic sites (<3 organs); normal LDH; good performance status (0 or 1).
• High clinical risk: high tumor burden (total volume of ⩾10 cm); number of metastatic sites (⩾3); LDH ⩾2× upper limit of normality; poor performance status (>1).
Clinical scenarios
In medicine, it is not possible to design precise algorithms. In this review, our goal is to focus on the most common clinical settings, while acknowledging that our discussion will not cover many gray areas. If available and feasible, enrollment in clinical trials should always be encouraged. We hereby review four distinct metastatic case presentations:
• patient with low-risk disease and no CNS involvement; • patient with low-risk disease and CNS involvement; • patient with high-risk disease and no CNS involvement; • patient with high-risk disease and CNS involvement.
There are to date very limited data or recommendations on sequencing of therapies in patients with metastatic melanoma, particularly in patients with BRAF-mutated melanomas. 69 One retrospective experience addressing this journals.sagepub.com/home/tam 7 point reported on 93 patients with BRAF mutation-positive advanced melanoma who received vemurafenib or dabrafenib before (n = 45) or after (n = 48) treatment with ipilimumab 3 mg/kg. 70 The median OS from first treatment was 9.9 and 14.5 months, respectively. Among patients treated with a BRAFi first, median survival from the end of BRAF inhibitor therapy was 1.2 months for those who did not complete ipilimumab treatment as per protocol, compared with 12.7 months for those who did (p < 0.001). This issue was further complicated (or facilitated) with the advent of anti-PD-1 therapy. CheckMate-064 is a phase II trial that addressed the matter by randomizing patients with metastatic melanoma to receive either induction with nivolumab for six doses followed by a planned switch of four doses of ipilimumab, or the reverse sequence. 71 Both groups received nivolumab maintenance afterwards until progression or intolerable toxicity. Median OS was not reached in the nivolumab followed by ipilimumab arm (95% CI: 23.7-NR) versus 16.9 months [95% CI: 9.2-26.5 months; HR: 0.48 (95% CI: 0.29-0.80)] in the ipilimumab followed by nivolumab arm. One-year OS was 76% versus 54%, favoring nivolumab to be given first. The only study available regarding optimal sequence of BRAFi/MEKi and anti-PD-1 showed no clear winner, though there was a clear OS benefit for patients who did well in the first-line setting regardless of the first regimen received. 72 In the following clinical discussions, the treatment approaches when there is no consensus or guidelines are based on authors' opinions and clinical experience.
Clinical scenario 1: patients with low-risk disease and no evidence of CNS involvement
For patients with low-risk disease and no evidence of CNS involvement (Figure 1 ), both anti-PD-1 therapy alone and the combination of Ipi/Nivo as first-line options are adequate. Despite significant progress in this matter, there is no consensus on what the preferred approach for previously untreated patients is. The combination of immunotherapies was shown to be particularly beneficial over anti-PD-1 alone in patients harboring a BRAF mutation, with high LDH, and no PD-L1 expression. 2 In patients without any of these characteristics, such as in this clinical scenario, anti-PD-1 monotherapy may be a solid treatment option, with less toxicity. This was mitigated by inverting Ipi/Nivo dosing schedules, with no apparent loss in efficacy, though CheckMate-511 was not powered for outcome analysis and not adopted in routine practice yet in most centers. 32 Although the use of BRAFi/MEKi is also an adequate option in the first-line setting, as it improves OS and is also associated with long-term survival (5-year OS of 45% in patients with normal baseline LDH and 51% in patients with low tumor burden), 13 the later use of immunotherapy may not be feasible in cases where resistance is associated with rapid disease progression. Though Ipi/Nivo combination may work fast, rescue with BRAFi/MEKi can happen in a matter of hours/days in a very symptomatic patient, as opposed to a few weeks with immunotherapy. Furthermore, this would preclude the patient from receiving a drug that may result in long-term, treatment-free survival. On the other hand, administering targeted therapy to a patient after exposure to anti-PD-1 may cause more toxicity BRAFi, BRAF inhibitor; CNS, central nervous system; HD IL-2, high-dose interleukin-2; Ipi + Nivo, ipilimumab + nivolumab; MEKi, MEK inhibitor; PD, progression of disease; RT, radiotherapy; SRS stereotactic radiosurgery.
and treatment interruptions. 73 We favor immunotherapy with single-agent anti-PD-1 over targeted therapy in BRAF-mutated patients, justified by the potential for anti-PD-1 to produce long-term, offtherapy survival in approximately 30-40% of patients, as well as its favorable toxicity profile with single-agent anti-PD-1 relative to the BRAFi/ MEKi combination and Ipi/Nivo. It is important to emphasize that there are no head-to-head prospective data comparing immunotherapy with BRAK/MEKi in patients who are treatment naive. A matching-adjusted indirect comparison of nivolumab/ipilimumab and BRAFi/MEKi showed a significant OS benefit of immunotherapy over targeted therapy after adjusting for baseline characteristics, though with its inherent retrospective biases. 74 Two phase III studies (ClinicalTrials.gov identifiers: NCT02224781 and NCT02631447) evaluating the best treatment sequence (targeted therapy first with combination immunotherapy at disease progression versus the reverse sequence) are ongoing to address the sequencing of treatment question. Concomitant administration of radiation therapy to a metastatic site, either for palliative intent, treatment of oligometastatic or oligoprogressive disease, or for an abscopal effect with checkpoint blockade is an option that may improve outcomes based on retrospective cohorts. [75] [76] [77] [78] Prospective trials are ongoing to determine its role (ClinicalTrials.gov identifiers: NCT02407171, NCT03646617, and NCT03354962]. The most commonly used dose is 24 Gy, divided into three fractions.
It is important to state that when single-agent anti-PD-1 is preferred, both pembrolizumab and nivolumab are available options, with similar activity. As for BRAFi/MEKi, all three combinations, when available, are appropriate and with improved OS over vemurafenib. 9, 10, 12 Encorafenib was the only BRAF inhibitor that was superior to vemurafenib alone, though since the combinations have not been compared head-to-head, it cannot be argued that one combo is superior to another.
In patients who fail to respond to anti-PD-1 therapy, the subsequent treatment decision should be based on the BRAF status of the tumor. If mutated, the patient should receive BRAFi/MEKi combination. If the tumor is not mutated, the patient could be considered for ipilimumab, if not previously used in combination with anti-PD-1. Ipilimumab can be considered for patients with BRAF-mutated tumors as well, as long as the disease remains mostly asymptomatic. Retrospective data demonstrate clinical activity with ipilimumab after progression on anti-PD-1, with an ORR of up to 22%. [79] [80] [81] Ipilimumab was also tested in combination with pembrolizumab after failure of anti-PD-1 alone, showing an impressive ORR of 45% in 22 patients treated in a phase II trial. 82 Alternative approaches after progression on ipilimumab include HD IL-2, biochemotherapy, or systemic chemotherapy with single-agent or combination chemotherapy, depending on the patient's age and comorbidities. T-VEC is an option, where available, in patient with injectable cutaneous, subcutaneous or lymph node metastases. TIL therapy is an option worthy of consideration, but restricted to highly specialized centers. If feasible, TIL harvesting should occur prior to further treatments to improve its expansion. Clinical trials, whenever available, should be strongly considered. If performance status is rapidly declining, palliative care should be offered. The recommendations after failure of standard therapies are similar in the upcoming scenarios.
Clinical scenario 2: patients with low-risk disease and CNS involvement
In this setting, we favor treating patients with Ipi/ Nivo as our first choice ( Figure 2 ). This approach has yielded the best results for CNS disease, with an apparent long-term benefit. 61, 62 In addition, it may reduce the appearance of new brain metastases. Starting with an anti-PD-1 as monotherapy, with or without stereotactic radiosurgery (SRS), is also an option, with close monitoring in the CNS with magnetic resonance imaging of the brain every 6 weeks. In case of an increase in the CNS lesions during immunotherapy, but with systemic control, decreased LDH, and improved symptoms, we recommend waiting for the 12-week scan for further CNS management, as these lesions often present with early pseudo-progression. 83 If the systemic disease is controlled, but CNS symptoms worsened, we recommend treating with SRS, if not done previously, and continue with systemic therapy. Regardless of treatment choice, it is vital that the radiation oncology team is included in the decision and be on standby in the case of loss of disease control. Concomitant treatment with immunotherapy and SRS is also an option. In retrospective series, concurrent administration of treatment was shown to improve outcomes, at the cost of an increased rate of radionecrosis (up to 27%), warranting caution when adopting this approach. [84] [85] [86] [87] [88] The safety of the combination of radiation therapy with both immunotherapy and targeted therapy, however, has not been prospectively established, though clinical trials are ongoing (ClinicalTrials.gov identifiers: NCT02858869 and NCT03340129). For patients with a larger, symptomatic lesion, surgery should also be considered.
If the patient develops systemic progressive disease to immunotherapy, either as sole therapy or in combination with radiotherapy, the subsequent treatment will depend on the BRAF status. If the tumor is BRAF-mutated, the patient should receive BRAFi plus MEKi. If the tumor is BRAF wild type, ipilimumab alone or in combination with anti-PD1 is favored, if the patient has not been exposed to ipilimumabe in the first line. Alternative treatments are systemic chemotherapy with temozolomide, fotemustine, CVD, nabpaclitaxel, or carboplatin/paclitaxel. In contrast, if systemic control is achieved with immunotherapy, but the CNS disease is progressing, treatment can be continued, and local control should be attempted with radiation, preferably SRS. It is known that SRS leads to similar intracranial control in up to three metastatic lesions compared with whole brain radiation, with less cognitive decline, as well as comparable intracranial control in up to 10 lesions versus 2-4 lesions. 89, 90 Clinical scenario 3: patients with high-risk disease and no CNS involvement In patients with high-risk disease, particularly those in visceral crisis, and no CNS involvement (Figure 3) , the BRAF status of the tumor is of critical importance, given the high response rates observed in patients treated with BRAFi/MEKi. Furthermore, the responses with tumor-targeted therapy are typically very rapid, resulting in prompt improvement of the patient's clinical condition.
Another option (if the patient is not in visceral crisis) is the combination of ipilimumab with nivolumab, which also results in high response rates (55-60%) with a median time to response of 2.76 months, though this may be overestimated based on the first scan dates. 28 In addition, in some countries it may take a few days to weeks to receive the BRAF test results, so it is justifiable to start these patients on immunotherapy combination.
Patients treated with the combination of BRAFi/ MEKi should be followed very closely with imaging studies in order to detect very early progression of disease. In this setting of a lower tumor burden, they should then be considered for immunotherapy in an attempt to achieve longterm survival. Again, we emphasize the need of prospective data comparing the treatment sequence before drawing any formal conclusions on which therapy is the best first-line choice.
In patients with high tumor burden and wild-type tumor, Ipi/Nivo is the treatment of choice.
Clinical scenario 4: patients with high-risk disease and CNS involvement
In patients with high-risk disease and CNS metastases (Figure 4) , the BRAF status of the tumor is also of paramount importance, as the use of the combination of BRAFi/MEKi results in high and rapid response rates both for systemic and CNS disease. 65 Targeted therapy is unquestionably the best option if the patient requires high-dose steroids owing to increased cerebral peri-lesional edema. If the patient does not require steroids, both targeted therapy and Ipi/Nivo represent options. In this setting, we favor immunotherapy, as long-term disease control appears more likely than with targeted therapy.
For patients with BRAF wild-type tumors who are not on steroids, Ipi/Nivo is our preferred option. However, in this setting, if the patient requires steroids for symptomatic disease, the treatment options are limited and not very effective. Attempts to reduce peri-lesional edema with radiation and weaning off steroids should be taken. Whole-brain irradiation has an ORR of less than 20% (in more recent studies the response rate is <5%). 91, 92 Our experience suggests that a potentially useful strategy is administering bevacizumab for radiationinduced edema or necrosis in patients refractory to steroid use, not only to reduce its dose and enable immunotherapy, but because of its potential synergy with immunotherapy. 93, 94 The combination of anti-PD-L1 atezolizumab with bevacizumab is being explored in a phase II trial for patients with brain metastases for both asymptomatic patients and a small cohort of patients with minor symptoms or low-dose steroids (ClinicalTrials.gov identifier: NCT03175432). As stated in the previous clinical scenario, patients responding to first-line targeted therapy should be followed very closely, as they should start immunotherapy at the earliest sign of disease progression, particularly if steroids are no longer required.
Duration of treatment
The optimal duration of therapy is yet to be found. An arbitrary duration of 2 years has been utilized by clinical trials, though this may be more than necessary for some patients, and not enough time for others. Recent findings of Keynote-006 showed that among 103 patients that completed the prespecified 2 years of pembrolizumab 85% of the patients remained progression-free at median follow up of 20 months after discontinuation. 24 This number seems to be higher among patients reaching a complete response compared with patients with less than a CR. Importantly, only one patient of the eight who were eligible for rechallenge with pembrolizumab upon progression developed subsequent progressive disease so far. Among the eight patients who were rechallenged with anti-PD1 therapy, four had a new response and three had stable disease. Several other independent cohorts showed similar results both for anti-PD-1 alone and the combination with ipilimumab. [95] [96] [97] Interestingly, another study found that the progression-free survival among patients with a partial response but a complete metabolic response by positron emission tomography computed tomography (PET-CT) was also extraordinarily high, compared with those without a complete metabolic response. 98 Therefore, our recommendation is to treat patients until they reach a CR and discontinuing therapy after one subsequent confirmatory scan. If a PR is achieved, and the disease subsequently stabilizes, a PET-CT may be a useful aid to the decision to discontinue treatment sooner than 2 years.
For targeted therapy, it is unknown whether treatment discontinuation is safe after a CR is achieved, as the effect may be largely dependent on continuous kinase inhibition. A few retrospective case series reported on outcomes after elective discontinuation of therapy. All 11 patients in one cohort relapsed after discontinuation of single-agent BRAFi after a CR was achieved. 99 In another series, half of 12 patients that discontinued BRAFi/MEKi combination after achieving a CR relapsed. 100 We therefore do not recommend elective discontinuation of therapy if the patient has adequate tolerance to treatment.
Conclusion
Currently, several treatment options may be administered to metastatic melanoma, with longterm survival achieved in up to half of patients. Still, a substantial number of patients still develop resistance to immunotherapy and targeted therapy, requiring additional treatments. It is vital to understand the best sequencing in the different clinical presentations, ensuring that the maximal benefit will be extracted from the available choices.
